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I. Introduction 
The elucidation of the structure and function of 
ribosomes at the molecular level is a major objective 
in molecular biology. The specific omplex formation 
between 5S RNA and a few ribosomal proteins is a 
part of this general problem and consequently has 
received much attention [1-6].  Nevertheless, we are 
very far from a complete understanding of the 
mechanisms involved in the ribosomal protein-nucleic 
acid interaction, and this will eventually require a 
thorough knowledge of the structures of 5S RNA, 
the binding proteins, and their complexes. Since, as 
yet, none of these ribosomal components have been 
crystallized, and consequently the prospects of X-ray 
crystallographic analyses are curtailed, we have 
initiated a small-angle X-ray scattering study of these 
components. In a previous report, a tertiary model for 
5S RNA was described [7]. This report describes the 
shapes of the 5S RNA-binding proteins L18 and L25 
[81. 
Proteins L18 and L25, like many other ribosomal 
proteins, exhibit low solubility in aqueous olution 
and tend to aggregate; asa result, it was necessary to 
study the monomeric forms of the proteins at rather 
low concentrations. This limited the amount of 
information that could be gained about he protein 
structures. 
2. Materials and methods 
2.1. Preparation o f  the proteins L 18 and L25 
Proteins were prepared from 50S subunits of 
Escherichia coli A19. Either 2 M LiCl-urea dissoci- 
ated proteins [1 ] or total 50S subunit proteins were 
fractionated by CM-cellulose chromatography and 
Sephadex gel ffdtration [8]. Proteins fractionated 
from total 50S subunit proteins were generously 
provided by Dr H. G. Wittmann. Proteins were 
identified and checked for purity by two-dimensional 
gel electrophoresis, u ing an apparatus one half of 
the size of that described earlier [9]. Contaminating 
proteins were estimated at less than 3% of the total 
amount of protein detected. 
Lyophilized proteins were dissolved in water and 
dialysed against TMK reconstitution buffer (30 mM 
Tris-HC1, pH 7.4, 20 mM MgCI2, 0.30 M KC1 and 
6 mM 2-mercaptoethanol) f r 8 h and centrifuged to 
remove insoluble proteins. The final protein concen- 
tration of the supernatant was determined from 
analyses of both nitrogen and carbon [I 0] after 
correction for the Tris buffer. Three batches of each 
protein were examined. 
As a criterion for the retention of their native 
structures, the capacity of each protein to bind 
specifically to 5S RNA was established by an electro- 
phoretic method escribed elsewhere [6]. 
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2.2. X-ray measurements 
The X-ray small-angle scattering data were 
recorded with a camera developed by Kratky and 
Skala [11 ]. Monochromatization was achieved with 
a nickel ~-filter and a pulse height discriminator in 
conjunction with a proportional counter. 
All measurements were made at 21°C. The absolute 
scattered intensities were obtained using a standard 
Lupolen sample [12] ; the Lupolen sample had been 
previously calibrated at the Graz Institut ftir 
Physikalische Chemie. 
3. Results 
The X-ray scattering data were recorded for 
concentrations (c) from 1 to 5 mg/ml. This concen- 
tration range is limited due to the low solubilities of 
the L18 and L25 proteins in the TMK buffer. As 
indicated by comparison to extrapolated data, for 
which the normalized intensity, "f/c, was extra- 
polated to zero concentration, the protein solutions 
were monomeric for c ~< 2 mg/ml; for the L25 
proteins, some batches were monomeric up to c = 3 
mg/ml. Fig.1 shows the extrapolated small-angle 
X-ray scattering data obtained for the L18 protein 
and fig.2 shows those recorded for the L25 protein 
at c = 2.6 mg/ml. 
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Fig.1. Experimental X-ray scattering data recorded for the 
L18 protein, extrapolated to zero concentration (cf. the 
text), compared with the theoretical scattering curves 
calculated for prolate llipsoids with a gyration radius of 
26 A and an axial ratio ofv = 4.6, 6.0 and 7.6; 20 = 
scattering angle. 
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Fig.2. Experimental X-ray scattering data recorded for the 
L25 protein at c = 2.6 mg/ml compared with the theoretical 
scattering curves calculated for prolate ellipsoids with a 
gyration radius of 24 A and an axial ratio of v = 5.0, 5.7 
and 6.0. 
When the scattering curves of L18 and L25 were 
compared with the theoretical curves calculated for 
different models, the experimental intensities ('~) 
were used rather than the desmeared experimental 
curves; therefore, the theoretical curves were smeared 
using a computer program [13]. As a first approxi- 
mation, two parameter ellipsoid models were used: 
i.e., oblate and prolate ellipsoids. 
As illustrated in fig.l, the data recorded for L18 
can be explained by the scattering from a prolate 
ellipsoid having a length of 113 A and an axial ratio 
of 6 to 1. The data obtained for L25 can be explained 
by the scattering from a similar ellipsoid having a 
length of 104 A and an axial ratio of 5.7 to 1 (fig.2). 
When oblate ellipsoid models were assumed, only 
those theoretical curves fitted the present data which 
corresponded to very small volumes, < 10 000 A 3 . 
Since the minimum volumes of the present protein 
molecules are about 15 700 and 13 300 A. 3 , respec- 
tively, the scattering from oblate ellipsoids cannot 
explain the experimental data. It should be noted 
that the present data which, within the experimental 
errors, can be explained by a minimum of parameters 
assuming prolate ellipsoids, are equally well (or even 
'better') explained by three-parameter ellipsoids. For 
instance, the data of the L18 protein are compatible 
with the scattering from an ellipsoid having a length 
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of 91 A and an axial ratio of 9:3.6:1 and those of 
L25 with the scattering from an ellipsoid having a 
length of 93 A and an axial ratio of 7:2:1. 
The gyration radii of L18 and L25 were deter- 
mined to be 26 -+ 5 A and 24 -+ 5 A, respectively. 
The molecular weights were calculated using the 
formula described by Kratky [14]. For this purpose 
the desmeared absolute intensity at zero angle,/(0), 
must be calculated. In this case, log I(0) was obtained 
from the comparison between the experimental data 
and the theoretical curves. In the position of the best 
fit, log I(0) is obtained as the difference between the 
reading on the experimental scale and that of the 
calculated scale according to the equation: 
log I(0) = log ~E(O) - log ~c(O) (1) 
where ~E(0) is the experimental bsolute intensity at 
zero angle and FC(0 ) is the zero angle smeared 
intensity of the theoretical curve; I t (0)  is normalized 
so that log Ic(0) = 0. The molecular weights were 
found to be 13 400 + 2000 (L18) and 14 500 + 4000 
(L25). Within the experimental error these values are 
in agreement with those reported from the primary 
structure analyses of the L18 and L25 proteins, 
12 770 [15] and 10 700 [16,17], respectively. 
The volumes of the protein molecules were calcu- 
lated via Porod's invariant (cf. [14] ); the results were 
21 700 A a (L18) and 17 400 A a (L25). Although 
these volumes only should be considered as the very 
first approximation, it is interesting to note that the 
prolate llipsoids of the indicated shapes (figs. 1 and 
2) yield very similar volumes: 21 000 A a (L18) and 
18 100 .&a (L25); the triaxial ellipsoids mentioned 
above yield 17 500 A a and 17 200 A a , respectively, 
which agree within the experimental errors. 
elongated [20]. However, in the same neutron 
scattering study the proteins $5 and $8 were found 
to have more compact sphere-like shapes [20]. It 
seems likely, therefore, that the sizes and shapes of 
the different ribosomal proteins do vary considerably; 
these collective results uggest hat many of the ribo- 
some models with spherical protein models will , 
require revision (reviewed in [21 ] ). 
As far as the secondary structures of the ribosomal 
proteins are concerned, very little detailed informa- 
tion is available. So far, infrared and circular 
dichroism spectra have provided the idea that a cer- 
tain amount of both a-helices and/3-structures are 
present [22-24] ; for instance, in a recent CD-study 
on some 30S proteins ($4, $6, $7, and $8) 25-30% 
a-helices and about 20%/3-structures were reported 
[24]. Such a mixture of different secondary struc- 
tures also seem to exist in the present proteins [15, 
17], and our X-ray data do not contradict these 
findings. They eliminate the possibility of a single 
extended a-helix, since the prolate llipsoid models 
of L18 and L25 are too short. The lengths of these 
models were 113 and 104 A, respectively; and they 
must be considered maximum lengths; extended 
a-helices would have the lengths of 180 and 140,8,. 
Ellipsoid models having three different semiaxes 
yielded even shorter lengths, 91 and 93 A, respec- 
tively. 
The proteins L18 and L25 individually form 
specific and stable complexes with 5S RNA [1-3].  
The low angle X-ray data, to be reported for 5S RNA 
[7], together with those presented here for L18 and 
L25, have enabled us to undertake a study of the 
L18-5S RNA and L25-5S RNA complexes and to 
draw conclusions about the location of the proteins 
on the 5S RNA [6,25]. 
4. Discussion 
The results described in the previous ection 
indicate that the ribosomal proteins L18 and L25 
have highly elongated shapes. Similar conclusions 
have recently been drawn for some other ribosomal 
proteins. Electron microscope studies using antibody 
markers [18,19] show proteins $4, $5, S11, S12 as 
well as $2, $7, S15, and S18 to be elongated, and 
neutron scattering studies indicate protein $2 to be 
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